The aging is associated with alterations in the hypothalamic-pituitary-thyroidal axis which can lead to hypothyreosis. Our previous investigations has shown that polyphenol curcumin can enhance the manifestation of hypothyreosis in rats simultanous treated with propylthiouracil. The aim of the study was to investigate the relationship between age-related changes and curcumin action in the thyroid of old rats. To this end, morphometric and radioimmunological methods were used. The study was conducted on 3-and 18-month-old male Wistar rats. The experimental rats were treated daily for 30 days by gavage with 100 mg/kg b.w. of curcumin. There were observed age-related changes in morphology and endocrine function of the thyroid. It was increase in the percentages of large follicles and significant decrease in FT3 level in 18-month-old rats in comparison to 3-month ones. Curcumin treatment lead to significant increase in FT3 and FT4 levels in 3-month-old experimental rats, but the level of FT3 significantly decreased in 18-month-old rats after curcumin administration. Our results show that curcumin activity depends on the functional condition of the rat thyroid which changes with age. This compound exerts stimulatory influence on the secretory function of the thyroid gland in young rats, but has rather weak antithyroid activity in old animals.
Introduction
The aging of an organism is connected with changes in the function of neuroendocrine systems which can lead to hypothyreosis. Thyroid diseases appear in the elderly twice as often as in the young, of which hypothyroidism afflicts 2-7% of the old population [1] . For this reason the elderly are more frequently exposed to factors triggering thyroid disorders compared to the young.
The environmental factors that are known to inhibit iodine uptake, intrathyroidal transport and organic binding include some plant components such as thiocyanate (SCN-) and cyanogenic (HCN) glucosides. Weak antithyroid activity is shown by some polyphenols of the flavonoid group, as well as by isoflavonoids and phenolic acids [2] [3] [4] . They do not disturb thyroid functions, but act synergistically with other factors causing hypothyroidism, such as lowprotein diet or iodine deficiency. Epidemiological research revealed that polyphenols of the flavonoid group which occur in fonio millet (Digitaria exilis) are important goitrogenic factors in the endemic goiter areas of Third World countries [3, 4] .
Curcumin is a plant polyphenol whose yellow pigment is present in large quantities in the rhizome of turmeric (Curcuma longa) which is a component of curry powder, a spice mixture.
In vitro and in vivo studies have shown that curcumin possesses antioxidative, anti-inflammatory, cancer chemopreventive, antifungal and antiparasitic properties [5] [6] [7] [8] [9] [10] .
Because of its strong anti-inflammatory activity, clinical tests estimating the effectiveness of curcumin in treating Alzhaimer`s disease are carried out [11] . Also its efficacy in curing colon cancer was tested [12] .
Toxicological studies have shown that curcumin is characterized by low toxicity. This compound in a dose of 1 to 5 g/kg of body weight given to rats apparently did not cause any adverse effect [13] . However, it has been reported that long-term administration of cur-cumin to rodents leads to hyperproliferation of thyroid epithelial cells [14] .
In view of the above-mentioned facts, the present paper was designed to determine whether curcumin had influence on the secretory function and morphology of rat thyroid gland. The relationship between age and curcumin action in the thyroid gland was investigated.
The experiment was conducted on 18-month-old male Wistar rats. On the basis of literature data it is known that the level of the thyroid hormone falls down, while TSH content is not changed in old rats [15, 16] . The biosynthetic activity of the thyroid gland was examined by measuring free thyroxine and triiodothyronine levels, as well as the colloid volume, the percentage of thyroid follicles and the height of secretory epithelium.
Material and methods
Animals. The study was conducted on inbred male Wistar rats (WAG/Krf). The animals were kept under standard conditions of 22°C and 50-60% humidity, on a 12-h light-dark cycle, and were fed on a commercial pellets diet; water was provided ad libitum. The animals were divided into two age groups (3-and 18-monthold), each consisting of 12 rats (6 control and 6 experimental). The rats were fed daily by gavage for 30 days: control 3-(C1) and 18-month-old (C2) rats -with 0.5 ml of corn oil, experimental 3-(E1) and 18-month-old (E2) -with curcumin, 100 mg/kg b.w [17] . Their blood was collected from the tail vein, transferred to a tube with heparin as an anticoagulant to obtain plasma, and was frozen immediately at -20°C until a further analysis. The animals were killed by cervical dislocation under Vetbutal anaestesia.
Histological examination of the thyroid gland. The thyroid lobes were excised and fixed in a 4% formaldehyde in the phosphate buffer (pH= 7.4), dehydrated in a graded ethanol series and embedded in paraplast. The embedded tissues were sectioned at a thickness of 5 μm. Serial sections were stained with PAS and haematoxylin for a histological analysis.
Histomorphometric evaluation.
To assure a random orientation of the cutting surface in all the referential areas and dimensions, a different orientation of the organs was assumed. A computer-assisted image analyzer with Multi Scan v 11.06 software was used for the assessment. The system was calibrated using a stage micrometer with a scale divided into 0.01-mm units. The following parameters were measured: the height of the follicular epithelium, the diameter of follicles and the volume density of the colloid [18] . The follicular diameter was measured on follicles lined by squamous epithelium. The measurement was performed in both the peripheral and the central part of the lobe.
Volume density (Vv) was assessed in 3 cross-sections from the thyroid gland of each rat. A morphometric grid and point-counting methods were used for the measurement, and hit points, i.e. places where net nodes were superimposed on the colloid, were counted. Then the volume density of that structure in the thyroid gland of individual rats was determined using the formula [18] :
Vv =Pi/Pt where: Vv = volume density, i.e. the volume (V) of the colloid of thyroid follicles versus the structure under study (v); Pi = the number of hit points (P) in the colloid (i); Pt = the number of hit points (P) in all the follicles (t) of the organ under study.
The results of volume density measurement are expressed as a per cent (V v %).
Radioimmunological analysis. Serum concentrations of FT3 and FT4 were measured by radioimmunoassay methods (Brahms Diagnostical GMBH, Germany). The level of FT3 was determined using a mouse monoclonal anti-T3 antibody labeled with 125 I; specific activity was <225 kBq per vial. The concentration of FT4 was determined using an 125 I anti-T4 antibody; specific activity was <150 kBq per vial.
Statistical analysis.
A one-way analysis of variance (ANOVA; p<0.05) was used to determine significant differences between groups. In the absence of the homogeneity of variance, the nonparametric Kruskal-Wallis test was used.
Results

Morphological analysis of the thyroid gland
In control, 3-month-old rats, small follicles were found in the middle of the thyroid lobe, whereas mediumsize ones occurred both in the middle and at the periphery of the lobe. Large follicles were situated only peripherally. Small and medium-size follicles were lined by cuboidal or columnar epithelium, and large follicles were surrounded by cuboidal or flattened epithelium. Inside the follicles there could be seen a PAS-positive pink-stained colloid (Fig. 1A) . The morphology of the thyroid gland of 3-month-old rats treated with curcumin differed from that of control animals. The follicles of these experimental rats were surrounded by higher epithelium in comparison to the corresponding control (Fig. 1B) .
Large and medium-size follicles could be seen in the middle of the thyroid lobes in control 18-monthold rats, and they were surrounded by cuboidal and flattened epithelium. The follicles were filled with a less intensely stained colloid in comparison with young (3-month-old) control rats. In the thyroid of 18-month-old control rats there occurred a larger quantity of the connective tissue. Leukocyte infiltration was observed in the connective tissue surrounding the follicles, as well as in the lumen of follicles in few rats (Fig. 1C) . The hyperplasia of C cells was observed in one rat. In 18-month-old rats which were given curcumin, medium-size and small follicles were lined by columnar or cuboidal epithelium. In columnar epithelial cells there were occasionally observed large quantities of PAS-positive vacuoles. In the experimental 18-month-old rats, leukocytic deposits were rarely present in the thyroid lobes, and minor hyperplasia of the connective tissue was reported (Fig. 1D) .
Histomorphometric evaluation
Thyroid follicles were divided into three classes according to their size: small (18-30 μm in diameter), medium (31-60 μm) and large (above 60 μm). In the old control rats (C2) there occurred a statistically significant increase in the quantity of large follicles compared to the 3-month-old control (C1) group (Table 1) .
The percentage of follicles of all classes did not significantly differ between the group of 3-month-old experimental rats (E1) and the corresponding control group (C1). In 18-month-old experimental rats (E2), no statistically significant increase in the percentage of small and medium-size follicles was observed in comparison with the C2 control. The epithelium of small, medium-size and large follicles was significantly higher in 18-month-old experimental rats (E2) compared to the C2 control (Fig. 2,3,4 ). There were no significant differences in epithelial height in all classes of follicles between the C1 and E1, or C1 and C2 groups. The difference in the height of follicle epithelium in all size classes between the E1 and E2 groups was statistically significant (Fig. 2,3,4) .
The volume density of the colloid was not significantly changed in any group of rats (Table 1) .
Radioimmunological analysis
The levels of FT3 and FT4 were significantly lower in the old control (C2) and experimental (E2) rats in comparison with respectively C1 or E1 groups (Fig. 5, 6 ). The serum levels of FT3 and FT4 were significantly increased in 3-month-old experimental rats (E1) in comparison with the C1 control ( Fig. 5 and 6 ). The level of FT3 significantly fell in E2 rats compared to C2 ones (Fig. 5) . There was no significant difference in FT4 level between E2 and C2 rats (Fig. 6 ).
Discussion
The influence of curcumin on thyroid function has not been well known as yet. On the one hand, some research findings reveal a slight, stimulating influence of curcumin that does not lead to hyperthyroidism in 3-month-old male rats [19] . The stimulating activity of curcumin may counteract the hypothyroidism connected with ageing of the thyroid gland, whereas its antiinflammatory activity shown in a number of in vitro and in vivo studies is assumed to prevent autoaggressive diseases which more often affect the thyroid gland in elderly than in young [20] [21] [22] [23] . On the other hand, some experiments conducted on mice have demonstrated hyperplasia of the thyroid gland after prolonged curcumin administration [14] .
In the present study we focused on the relationship between the age and curcumin action in the thyroid gland of rats.
The experiment was carried out on 18-month-old rats in which the process of ageing of the thyroid gland was set in motion. At that age there could be seen intermediate changes in the morphology and secretion of 5 . The levels of FT3 in blood plasma. C1 -3-month-old, control rats. E1 -3-month-old, curcumin treated rats. C2 -18-monthold, control rats. E2 -18-month-old, curcumin treated rats. Values are means ± SD, *p<0.05, **p<0.01, ***p<0.001. Fig. 3 . The height of epithelium in medium-size follicles. C1 -3-month-old, control rats. E1 -3-month-old, curcumin treated rats. C2 -18-month-old, control rats. E2 -18-month-old, curcumin treated rats. Values are means ± SD, *p<0.05, **p<0.01. Fig. 6 . The levels of FT4 in blood plasma. C1 -3-month-old, control rats. E1 -3-month-old, curcumin treated rats. C2 -18-monthold, control rats. E2 -18-month-old, curcumin treated rats. Values are means ± SD, *p<0.05, **p<0.01, ***p<0.001. Fig. 4 . The height of epithelium in largel-size follicles. C1 -3-month-old, control rats. E1 -3-month-old, curcumin treated rats. C2 -18-month-old, control rats. E2 -18-month-old, curcumin treated rats. Values are means ± SD, **p<0.01. the thyroid hormone between young (2-month-old) and old (24-month-old) rats [24] .
Our own research has shown that in elderly, 18-month-old rats there occur changes indicative of the ageing of the thyroid gland. FT3 and FT4 serum levels in old rats significantly fall down in comparison with young animals. These results are in line with the findings of Donda et al. [15] , Cizza et al. [24] and Moreira et al. [25] who demonstrated a decrease in FT3 and FT4 serum levels in 18-month-old rats. Those authors confirmed a gradual decrease in total T3 and T4 levels with age in rats. Their study indicated that the ability of the pituitary gland to increase TSH secretion in response to the decreased level of thyroid hormones was significantly diminished in old rats.
Disturbances in the secretory function of the thyroid correlate with morphological changes in this gland. Morphological alterations, such as a lowering of the percentage of small follicles and a significant increase in the content of big ones in comparison with young rats (3-month-old) and alterations in colloid endocytosis, indicate a decrease in the biosynthetic activity of the thyroid gland in old rats. The hyperdistension of thyroid follicles with a low colloid content and numerous leukocyte infiltrations may indicate existing inflammation and progressive degenerative changes. These data are in accordance with the results obtained by Cizza et al. [24] who observed similar degenerative changes in old rats of the F344/N strain.
Our results showed that curcumin exerted a weak stimulatory influence on the biosynthetic activity of the thyroid gland in young male rats, since the levels of FT3 and FT4 significantly rose after curcumin administration, whereas alterations in the content of thyroid hormones in experimental rats did not correspond to morphological measurements compared to the control. Some literature data indicate that morphological changes do not always correlate with the secretory activity of the thyroid gland. Zaki et al. [26] reported that potassium nitrate administration had no significant influence on thyroid gland morphology despite a significant decrease in FT3 and FT4 levels in blood serum.
Despite the significant derease in the FT3 serum level, no differences in the FT4 level were observed in the old curcumin treated rats compared to the untreated control. Thus the obtained results can indicate that curcumin inhibits deiodinase activity. Some literature data show that the activity of this enzyme is reduced with age [27] . Therefore, it may be assumed that curcumin enhanced this effect. On the other hand, the unchanged FT4 content in old experimental rats compared to the control can indicate the lack of influence of the examined polyphenol on thyroperoxidase activity.
Curcumin administration to old rats led to an increase in the height of secretory epithelium and augmented the number of PAS-positive vacuoles in thyreocytes compared to the control. Similar changes were observed in the morphology of the thyroid gland in rats treated with antithyroid compounds such as bromide and propylthiouracil [28, 29] . In the present study, these alterations in the morphology and secretory activity indicate weak inhibitory influence of curcumin on the thyroid glands of old rats.
The diminished hyperplasia in the thyroid gland of old rats after curcumin administration suggests an antiproliferative activity of curcumin. A similar inhibitory effect on the proliferation of thyreocytes was described in studies dealing with the propylthiouracil-induced hypothyroidism in rats treated with vitamin E [28] . It was shown that vitamin E attenuated the activity of protein kinase C (PKC) regulating the growth of cells [30] . It is proposed that curcumin also exerts antiproliferative action through PKC, since a great number of experiments have revealed its inhibitory influence on the activity of protein kinases including PKC and the kinase of the epithelial growth factor [31] . These enzymes play a key role in signal transduction which leads to thyreocyte proliferation.
Curcumin administration to old rats reduces the number of lymphocytes infiltrating the thyroid gland. The above finding can be explained by the anti-inflammatory action of curcumin in the thyroid gland of the rats under study. A number of in vitro and in vivo experiments have revealed that curcumin reduces the Table 1 . Volume density of the colloid and the percentage of three size-classes of the follicles. C1 -3-month-old, control rats. E1 -3-month-old, curcumin treated rats. C2 -18-month-old, control rats. E2 -18-month-old, curcumin treated rats. Values are means ± SD, *p<0.05 v.s. C1.
synthesis of TNF-α, IFN-γ, IL-1β and leucotriens and inhibits activation of the transcription factor NFκB which regulates the expression of many genes connected with inflammation [32, 33] . According to Brouet & Ohshima [34] and Zhang et al. [35] , curcumin also inhibits the induction of COX-2 and iNOS. A relationship between its structure and the antiinflammatory activity has not been demonstrated as yet. It is assumed that curcumin exerts inhibitory activity on the synthesis of prostaglandines and leukotriens thanks to the presence of hydroxyl groups and phenolic rings [36] .
The cause of weak curcumin action in the thyroid gland may be its low bioavailibility. This compounds is quickly metabolized to dihydroxycurcumin and tetrahydroxycurcumin in the intestine and liver [37] . It has been shown that metabolites mimic the activity of parent compounds and inhibit the expression of COX-2 and prostaglandins, but their biological activity is weaker compared to curcumin [38] .
Our results clearly show that curcumin exerts slight influence on thyroid function in rats, and that its activity depends on the functional condition of this gland which changes with age. It stimulates the secretory function of the thyroid gland in young rats, but has rather weak antithyroid activity in old animals.
